Despite the high incidence and serious consequences of skeletal metastasis in prostate cancer patients, the mechanisms involved in establishing secondary lesions in bone are not well-understood. In this study, the role of the mineralized bone matrix in the process of skeletal metastasis was evaluated. METHODS. Attachment, migration, and proliferation responses of human prostate cancer cells to a crude bone protein extract (CBE) were studied. LNCaP and DU145 cells were utilized in 24-hr attachment assays. Boyden chamber chemotactic assays and cell proliferation assays utilized DU145 cells. RESULTS. CBE and fibronectin (FN) promoted attachment of DU145 cells, whereas only FN facilitated attachment of LNCaP cells. CBE-mediated adhesion of DU145 cells was reduced by 94% with cycloheximide, by 98% with RGD peptides, and by 94% with an antibody to ␣v␤3. Although DU145 cells migrated toward FN, CBE did not promote migration of DU145 cells. DU145 cells grown in the presence of CBE-containing media demonstrated a significant reduction in cell number by day 4. The antiproliferative effect of CBE was not due to cell toxicity. CONCLUSIONS. In conclusion, results from this study indicate that mineralized bone proteins promote the attachment of DU145 cells in vitro and suggest that bone proteins may play a key role in vivo during the development of metastatic prostate lesions in bone.
INTRODUCTION
The incidence of and mortality from prostate cancer are increasing yearly in the United States, with an estimated 224,000 new cases and 40,000 deaths attributed to the disease in 1995 [1] . A significant event contributing to morbidity and mortality associated with prostate cancer is the development of skeletal metastasis. Epidemiological data indicate that 70% of prostate cancer patients develop secondary metastatic lesions in bone [2] . An effective therapy for the treatment of skeletal metastases has yet to be developed, in part due to an incomplete understanding of the precise mechanisms involved in the development of secondary tumors in bone.
Several cells located in bone have been implicated in the pathogenesis of skeletal metastasis in prostate cancer. Haq et al. [3] reported that bone marrowderived endothelial cells support preferential attachment of rat prostate cancer cells in vitro, suggesting that bone marrow sinusoidal capillaries play an active role in recruitment of prostate cancer cells to bone.
Utilizing a mouse coinoculation model, Gleave et al. [4] showed that bone fibroblasts enhance the growth of human prostate cancer cells in vivo, suggesting that bone stromal cells may also play a role in skeletal metastases. Osteoblasts, being a rich source of growth factors, have also been implicated as a cell type involved in the pathogenesis of skeletal metastases by promoting growth [5] and attachment [3] of prostate cancer cells. Importantly, factors secreted by osteoblasts as well as circulating factors are entrapped in bone and provide a rich source of growth factors to facilitate the proliferation of tumor cells in the bone microenvironment. For example, insulin-like growth factor I (IGF-I), found in high concentrations in bone, stimulates DNA synthesis in [6, 7] , and migration of [7] , human prostate cancer cells in vitro. Thus, bone provides an environment with the potential to attract and subsequently promote the growth of prostate cells.
Although a variety of mechanisms have been proposed to be involved in the development of bone metastases, the role of the mineralized bone matrix has not been determined. Recent results by Ritchie et al. [7] indicate that when bone-derived factors are evaluated individually, they have variable effects on migration and proliferation of several human prostate cancer cell lines in vitro, including DU145 cells. For example, IGF-I and IGF-II enhanced prostate cancer cell proliferation, whereas TGF␤ induced a biphasic proliferative response. In order to investigate a potentially more pathophysiologic situation, a crude mixture of endogenous proteins extracted from bone was utilized in the present study. In addition to growth factors, it is well-established that bone is a rich source for several other molecules. These additional molecules include chemotactic and attachment factors such as fibronectin (FN), collagen, bone salioprotein (BSP), and osteopontin (OPN) [8] . The use of crude bone protein extract (CBE) in this study allowed us to assess the net effect of the many proteins present in bone on several key events in the pathogenesis of prostate cancer metastasis to bone.
We hypothesized that proteins contained within the mineralized bone matrix would stimulate prostate cancer cells to exhibit responses crucial to establishing secondary lesions. These critical responses were tumor cell migration, attachment, and proliferation. To test this hypothesis, the ability of CBE to promote the attachment of an androgen-dependent human prostate cancer cell line (LNCaP cells) and an androgenindependent human prostate cancer cell line (DU145 cells) was evaluated. Results demonstrated a 5-10-fold increase in CBE-mediated attachment of DU145 cells when compared to CBE-mediated attachment of LNCaP cells. Given that DU145 cells demonstrated the stronger response to bone proteins, DU145 cells were selected for further evaluation of the effects of crude bone extracts (CBE) on adhesion, migration, and proliferation of prostate cancer cells. Results indicate that crude protein extracts of bone promote attachment of DU145 cells in vitro, and suggest that proteins within bone may influence prostate cancer cell behavior in vivo.
MATERIALS AND METHODS

Cell Culture
DU145 cells were originally isolated from a human prostate adenocarcinoma patient in 1976 [9] . Extensive tumor metastasis to the vertebral column and right femoral neck was observed in this patient. Additional metastases to lymph nodes, liver, lungs, and brain were also noted. The DU145 cell line was established from a central nervous system lesion. Importantly, no additional primary carcinomas were found. DU145 cells were provided by Dr. Ken Pienta (SPORE in Prostate Cancer at the University of Michigan). DU145 cells were maintained in Dulbecco's modified Eagle's medium (DMEM/F12), 10% FBS, 100 units/ml penicillin, and 100 g/ml streptomycin (all culture reagents from GIBCO/BRL Life Technologies, Inc., Grand Island, NY). Cells were not used beyond passage 50. Experiments were conducted with DU145 cells at 70-80% confluency.
LNCaP cells were originally isolated from a human prostate adenocarcinoma patient in 1977 [10] . Disseminated bony metastases were found on bone scan, with metastases to lymph nodes also noted. The LNCaP cell line was established from a supraclavicular lymph node lesion. LNCaP cells were obtained from UroCor, Inc. (Oklahoma City, OK) and maintained in T-medium containing 5% FBS, 100 units/ml penicillin, and 100 g/ml streptomycin, as recommended by UroCor. Experiments were conducted with LNCaP cells at 70-80% confluency.
Preparation of Crude Bone Extracts (CBE)
The procedure outlined here has been previously described in detail [11, 12] . Briefly, bone fragments from bovine femurs were washed for 2 days with phosphate-buffered saline containing protease inhibitors (pH 7.4, 4°C). Bone proteins were extracted with 4 M guanidine-HCL at 4°C for 7 days, followed by 4 M guanidine-HCL/ethylenediaminetetraacetic acid (EDTA) at 4°C for 7 days. Both guanidine extractions were performed in the presence of protease inhibitors (0.05 M 6-aminohexanoic acid, 0.005 M benzamidine HCL, and 0.001 M phenylmethylsufonyl fluoride), previously demonstrated to prevent protein degradation during extraction procedures [12] . Extracts were then gravity-filtered and concentrated by ultrafiltration under pressure. Concentrated extracts were dialyzed against distilled water and lyophilized. Samples were stored at −20°C. Studies utilized 4 M guanidine-HCL/EDTA extracts, containing proteins bound to the mineral phase.
RNA Extraction and Northern Blot Analysis
Total RNA was extracted from DU145 cells at 80% confluency, using a modified guanidinium isothiocyanate procedure [13] . Total RNA (20 g) was separated electrophoretically in a 1% agarose-5% formaldehyde gel. RNA was then transferred to a Duralon-UV membrane (Stratagene, La Jolla, CA) and immobilized by UV crosslinking. Membranes were hybridized overnight at 42°C with 32P cDNA probes for human ␣v and ␤3 integrin subunits (cDNAs kindly provided by Dr. Gideon Rodan, Merck and Company Inc., West Point, PA). After a wash at high stringency, the blots were exposed to XOMAT film (Eastman Kodak Co., Rochester, NY) for 5 days at −70°C.
Cell Adhesion Assay
Twenty-four-well Falcon plastic plates (Becton Dickinson, Lincoln Park, NJ) were precoated with 400 l of the putative attachment agent at the following concentrations: fibronectin (FN) 20 g/ml (Sigma Chemical Co., St. Louis, MO), CBE 20 g/ml and 50 g/ml, or water as a negative control. Tissue culture plates served as a positive control. After coatings had dried, the dishes were preincubated with serum-free DMEM/F12 containing 0.1% bovine serum albumin (BSA) for 1 hr at 37°C. Following the preincubation period, 20,000-30,000 cells were added to the wells, and attachment was evaluated at 4 and 24 hr. Unattached cells were removed by rinsing the wells twice with Hank's balanced salt solution. Cells were visualized for extent of cell spreading, and photos were taken. Attached cells were removed with trypsin/ EDTA, and any cell aggregates were gently agitated with a pipette until these aggregates were no longer observed under the microscope. Individual cells were then quantitated with a Coulter counter (Coulter Corporation, Miami, FL). The mechanism(s) of bone extract and fibronectin-mediated cell adhesion were evaluated with the addition of one of the following during the preincubation period: cycloheximide (10 g/ml, Sigma Chemical Co.), arginine-glycineaspartic acid (RGD) or arginine-glycine-glutamic acid (RGE) peptides (100 g/ml, University of Michigan Biomedical Research Core Facilities), murine monoclonal antibody to ␣v␤3 (LM609) (100 g/ml, provided by David E. Cheresh, The Scripps Research Institute La Jolla, CA), rabbit monoclonal antibody to human FN (100 g/ml, GIBCO), mouse IgG (100 g/ ml, Sigma Chemical Co.), and rabbit IgG (100 g/ml, Sigma Chemical Co.). Dose selection for each reagent was based on previous studies [14, 15] . All attachment conditions were evaluated in triplicate, and experiments were conducted on at least three separate occasions.
Cell Migration Assay
A Boyden chamber chemotactic assay [16] was utilized in which the lower chamber contained the putative chemotactic agent dissolved in serum-free DMEM/F12/0.1% BSA media at the following concentrations: CBE at 20 and 50 g/ml, osteopontin fusion protein (GST-OPN) at 20 and 50 g/ml, and FN at 20 g/ml. (GST-OPN was prepared using the method of Xuan et al. [14] ). Nuclepore polycarbonate membranes (Costar Corporation, Cambridge, MA) with 8.0-m diameter pores were precoated with a solution containing 0.002% swine gelatin and 0.5% acetic acid for 1 hr at 90°C and allowed to dry overnight. The membranes were then placed between the lower and upper chambers. Subconfluent cells (20,000-25,000) were added to the upper chamber in serum-free DMEM/F12/0.1% BSA media. Chemotactic activity was evaluated at 3, 6, and 24 hr. Membranes were removed, fixed in methanol, and stained with hematoxylin and eosin. The upper surface of the membrane was gently swabbed to remove cells which had not migrated through the membrane. Migrated cells were then counted in five nonoverlapping fields per membrane with light microscopy (100× magnification) and averaged. All chemotactic conditions were evaluated in triplicate. Chemotaxis experiments were conducted on three separate occasions.
Proliferation Assay
DU145 cells were seeded at 5,000 cells/well in 24-well tissue culture dishes and grown overnight in 10% FBS DMEM/F12 media. Media were removed the next day and the wells were washed with phosphatebuffered saline (PBS), to remove any unattached cells. Next, on day 0, the cells were incubated in DMEM/ F12 under the following conditions, in triplicate: 10% FBS, 2% FBS, or 2% FBS plus CBE (20 g/ml). Media were changed on day 2. Proliferation was assessed on days 1, 2, and 4 by removing the media and rinsing the wells twice with Hank's balanced salt solution to remove the unattached cells. Attached cells were removed with trypsin/EDTA, and any cell aggregates were gently agitated with a pipette until these aggre-gates were no longer observed under the microscope. Individual cells were then quantitated with a Coulter counter. Proliferation experiments were conducted on three separate occasions.
Statistics
The unpaired t-test (two-tailed; P < 0.05) was employed to compare mean experimental values with the corresponding control values.
RESULTS
Effect of CBE on DU145 and LNCaP Cell Adhesion
Twenty-four-hour attachment results demonstrated that CBE promoted attachment of DU145 cells (P < 0.005) when compared to water-coated controls (Fig. 1) . Although fibronectin promoted attachment of LNCaP cells (P < 0.05), CBE did not facilitate attachment of LNCaP cells. Furthermore, attachment results indicated that, under all conditions evaluated, the percent attachment of LNCaP cells was substantially lower than percent attachment of DU145 cells. Given that DU145 cells demonstrated a stronger attachment profile and that CBE promoted attachment of these cells, CBE-facilitated adhesion, migration and proliferation were further characterized utilizing DU145 cells only.
Morphologic observations 4 hr following plating of DU145 cells suggested that aggregation of cells occurred in water-coated and CBE-coated wells, with weak attachment of these aggregates in the CBEcoated wells (minimal cell spreading on the plates was observed). In contrast, cells exposed to fibronectin were uniformly dispersed in wells, with no evidence of cell aggregation at 4 hr. In addition, cells demonstrated a greater extent of spreading on fibronectincoated dishes when compared with cells on control or CBE-coated wells at 4 hr. Morphologic evaluation of cells at 24 hr demonstrated that the cell aggregates on CBE-coated wells had established a firmly attached/ spread morphology, while cells on uncoated dishes failed to exhibit properties of cell attachment/ spreading (Fig. 2) . Attachment of cells in dishes coated with CBE at 20 g/ml was similar to that at 50 g/ml (data not shown). Cells grown on FN-coated dishes for 24 hr maintained the uniform dispersion pattern observed at 4 hr and were firmly attached to the dishes. To further characterize the dynamics of DU145 cell adhesion on CBE-coated dishes, the role of protein synthesis in this process was assessed. The addition of cycloheximide to the preincubation media significantly reduced adhesion of DU145 cells to all substrates examined (Fig. 3) , including CBE, which demonstrated a 94% reduction in attachment, indicating that cell adhesion to CBE requires protein synthesis. Cycloheximide also significantly reduced attachment of DU145 cells to fibronectin; however, protein synthesis inhibition was less effective, with only a 45% reduction in cell attachment observed. Cell adhesion to CBE was RGD-dependent (Fig. 4) , as the addition of RGD peptides reduced cell adhesion to CBE coated dishes by 98%. The control RGE peptides did not significantly alter cell adhesion. RGD peptides also significantly reduced cell attachment to FN-coated dishes; however, as with the cyloheximide treatment, RGD blockade was less effective in FN-coated wells, as indicated by only a 27% reduction in attachment. In addition, cell adhesion to CBE-coated dishes was nearly abolished by the monoclonal antibody to ␣v␤3 (LM609), with a 94% reduction observed. An antibody to FN completely blocked FN-mediated attachment of DU145 cells (98% reduction), while reducing CBEmediated attachment by only 38% (Fig. 5) . No effect on CBE-mediated cell attachment was observed with mouse or rabbit IgG control antibodies (data not shown).
DU145 Cell Chemotaxis
To determine the chemotactic response of DU145 cells to CBE, a Boyden chamber system was utilized. CBE at both 20 g/ml and 50 g/ml did not promote migration of DU145 cells (Fig. 6 ). Significant increases in directed migration of DU145 cells were observed in response to 20 g/ml FN.
Next, since the antibody to ␣v␤3 blocked CBEmediated attachment of DU145 cells, these cells were evaluated for expression of mRNAs for ␣v and ␤3. As seen in Figure 7 , DU145 cells expressed mRNAs for ␣v and ␤3. Given that OPN, a known ligand for ␣v␤3, is present in CBE [11] , and that OPN promotes cell migration [17] , we evaluated the ability of OPN to pro- Fig. 3 . Effect of protein synthesis inhibition on DU145 cell attachment. DU145 cells were incubated on tissue culture plates (TCT) or plastic plates precoated with one of the following: water, 20 µg/ml fibronectin (FN), or 20 µg/ml crude bone extract (CBE). Attachment conditions were duplicated with the addition of cycloheximide (10 µg/ml) to the preincubation media. After 24 hr, unattached cells were discarded, and attached cells were quantitated with a Coulter counter. Data are expressed as mean ± SD of triplicate plates (*P < 0.05 vs. no cycloheximide). Fig. 4 . Effects of RGD and RGE peptides on CBE-mediated attachment of DU145 cells. DU145 cells were plated on tissue culture plates (TCT) or plastic plates precoated with 20 µg/ml fibronectin (FN) or 20 µg/ml crude bone extract (CBE). Cell attachment was further evaluated with the addition of RGD or RGE peptides (100 µg/ml) to the preincubation media. After 24 hr, unattached cells were removed and attached cells were quantitated with a Coulter counter. RGD peptides abolished cell attachment to CBE-coated plates. Data are expressed as mean ± SD of triplicate plates (*P < 0.05 vs. respective control [no RGD or RGE peptides]).
Fig. 5. Effect of antibodies directed against fibronectin or ␣v␤3
on CBE-mediated attachment of DU145 cells. DU145 cells were plated on tissue culture plates (TCT) or plastic plates precoated with 20 µg/ml fibronectin (FN) or 20 µg/ml crude bone extract (CBE). Attached cells were quantitated after 24 hr with a Coulter counter. CBE-mediated attachment was further characterized with the addition to the preincubation media of an antibody to ␣v␤3 (LM609), which blocked CBE-mediated attachment, or an antibody to fibronectin (100 µg/ml) which was less effective at blocking CBE-mediated attachment of DU145 cells. Note that the antibody to fibronectin blocked FN-mediated attachment. Data expressed as mean ± SD of triplicate plates (*P < 0.05 vs. control).
mote migration of DU145 cells. As with CBE, no significant increase in directed migration of DU145 cells was observed in response to osteopontin (Fig. 6) .
Effect of CBE on DU145 Cell Proliferation
To evaluate the mitogenic potential of CBE on DU145 cells, a 4-day cell proliferation assay was utilized in which DU145 cell proliferation was determined by changes in cell number. As demonstrated in Table I , media containing 2% serum significantly reduced cell number on day 4 when compared to cells grown in media containing 10% serum. To determine the effect of CBE, cells were grown in media containing 2% serum plus CBE at 20 g/ml. The data demonstrate that bone proteins inhibited DU145 cell proliferation on day 4 ( Table I ). The number of DU145 cells present in the CBE-containing media was reduced by 28% on day 4 when compared to the number of cells present in the media containing 2% serum alone. This reduction was statistically significant (P < 0.05). No significant differences in DU145 cell proliferation were noted between treatment groups at early time points, i.e., on days 1 or 2. To investigate the possibility that CBE was toxic to the cells, trypan blue exclusion was evaluated on day 4, with >99% exclusion of the dye in all treatment groups, indicating that the antiproliferative effect of CBE was not due to cell toxicity (data not shown).
DISCUSSION
Results from this study suggest that proteins located in the mineralized compartment of bone facilitate adhesion of tumor cells and thus may play an important role in the pathogenesis of bone metastases in prostate cancer. LNCaP cells demonstrated a low level of attachment under all conditions evaluated when compared to DU145 cells. Thus, the DU145 cell line was utilized for further study.
The bone protein extract utilized in this study was previously demonstrated to contain a number of pro- Fig. 6 . Effects of CBE and GST-OPN on DU145 cell migration. DU145 cell migration (chemotactic activity) was evaluated with a Boyden chamber assay. Migration toward FN (20 µg/ml), and CBE or GST-OPN at 20 and 50 µg/ml, was evaluated at 3, 6, and 24 hr by removing the membrane between the chambers and gently swabbing the upper surface to remove cells which had not migrated through the pores in the membrane. Migrated cells were quantitated with light microscopy in five nonoverlapping fields per membrane. Data are expressed as mean fold increase from control ± SEM of triplicate plates. CBE and GST-OPN did not promote DU145 cell migration. However, FN did promote migration of DU145 cells (*P < 0.005, comparison of the mean migrated cell number between experimental and control conditions [absence of putative chemotactic agent]). teins, including fibronectin, bone salioprotein (BSP), osteopontin (OPN), type I collagen, TGF␤, IGF, PDGF, and several bone morphogenic proteins [11, 12] . Fibronectin is known to support adhesion of a variety of cells and indeed in the current study was utilized as a positive control for attachment. However, fibronectin is not solely responsible for the level of DU145 cell attachment observed with CBE, as an antibody to FN resulted in only a 38% reduction in CBE-mediated attachment of DU145 cells. Importantly, the concentration of antibody appeared to be appropriate for blocking FN-mediated attachment, as this antibody nearly abolished cell attachment in the FN-coated wells. Other bone-associated proteins that may account for the majority of the attachment activity of DU145 cells include the RGD sequence, containing proteins OPN and BSP. Several studies demonstrate that BSP and OPN mediate cell attachment in an RGD-dependent fashion [14, [17] [18] [19] .
In the present study, RGD peptides dramatically inhibited cell attachment to CBE-coated dishes. This result suggests that the peptides compete with RGD sequences present in proteins within CBE, e.g., BSP and OPN, for binding to receptors on DU145 cells. RGD peptides also significantly reduced fibronectinmediated attachment, but to a lesser extent than RGD blockade of CBE-mediated attachment (27% for FN vs. 98% for CBE). The modest effect of RGD peptides on fibronectin-mediated attachment is in agreement with several other studies, and suggests that attachment of DU145 cells to fibronectin can occur via non-RGD motifs [20] [21] [22] .
In order to provide further evidence that the boneassociated proteins, BSP and OPN, are involved in CBE-mediated attachment, the role of a cell surface receptor known to bind to BSP and OPN, the integrin ␣v␤3 [19] , was evaluated. DU145 cells were found to express mRNA for both ␣v and ␤3. This result supports the findings of Witkowski et al. [23] , which demonstrated cell surface expression of ␣v and ␤3 on DU145 cells with FACS analysis. To address the contribution of ␣v␤3 in adhesion of cells to CBE-coated dishes, a blocking antibody to ␣v␤3 (LM609) [24] was utilized. LM609 dramatically reduced CBE-mediated cell adhesion, while this antibody did not alter fibronectin-mediated attachment. Collectively, these results suggest that RGD-containing bone proteins, in addition to fibronectin, are major mediators in the attachment of DU145 cells to CBE.
The observed delay in attachment of DU145 cells to the CBE-coated wells, when compared to fibronectincoated wells, suggests that CBE stimulates the synthesis and/or transport of cell surface receptors from intracellular compartments to the plasma membrane. This hypothesis is supported by the results in which the protein synthesis inhibitor, cycloheximide, nearly eliminated cell adhesion in CBE-coated wells, while substantial cell adhesion was still observed in fibronectin-coated wells. Although the cycloheximide results indicate that protein synthesis is required, further studies are needed to delineate the precise mechanism(s) involved in CBE-mediated attachment of DU145 cells.
The spreading of prostate tumor cells on bone proteins observed in this study extends the results of Haq et al. [3] , who demonstrated that prostate tumor cells preferentially adhered to bone marrow-derived endothelial cells. Data from the present study suggest that following diapedesis, prostate tumor cells can then directly adhere to the surrounding trabecular bone. Adhesion of cells to extracellular matrix proteins is recognized as influencing several fundamental aspects of cell function, including survival and differentiation [25] . Although tumor cell adhesion to sinusoidal endothelium is likely important in initiating secondary tumors in bone, the role of adhesion to bone matrix proteins for tumor growth is less clear. The mineralized compartment of bone contains a wide variety of growth factors which may facilitate the survival of tumor cells in the absence of adhesion [26] . In addition, hematopoietic and bone cells may secrete a variety of factors which promote tumor cell growth. Indeed, factors produced by bone fibroblasts [4] , osteoblast-like cells [5] , and factors present in bone marrow [27] have been demonstrated to enhance prostate tumor cell proliferation. Although the importance of tumor cell adhesion in the extravascular space of bone for tumor growth is not certain, we propose that through direct attachment to bone or adjacent extracellular matrix, tumor cells may have a greater impact on bone homeostasis due to an increase in proximity to bone cells and/or through receptor binding signal- 3 ) ± SD of triplicate plates. *Statistically significant when compared to 10% serum (P < 0.05). **Statistically significant when compared to 2% serum (P < 0.05).
ing processes. Receptor-mediated events may enhance the release of factors by tumor cells that act in a paracrine fashion to alter the dynamics of bone cells.
In contrast to the attachment findings, results indicate that bone protein extract and OPN are not chemotactic for DU145 cells. These findings were surprising, given that products from resorbing bone and OPN alone have been demonstrated to promote migration of breast cancer cells [17, 28] . In addition, the ␣v␤3 integrin, which is expressed by DU145 cells, correlated with migration toward OPN in vascular smooth muscle cells [29] . These observations suggest that, unlike vascular smooth muscle cells, the expression of ␣v␤3 by DU145 cells is not correlated with migration toward OPN. The lack of a chemotactic response by DU145 cells toward bone proteins observed in this study may not be reflective of chemotactic responses in all prostate cancer cells. However, this result does suggest that this particular cell line lacks appropriate receptors and/or signaling components to trigger migration in response to bone proteins. Alternatively, the bone protein extract utilized in this study may contain both pro-and antimigration factors, with the antimigration factors predominating. Although other promigration factors may be present in the bone extract, such as FN, OPN is not a promigration factor for DU145 cells.
Given the level of growth factors present in bone matrix, a reduction in cell number by CBE was surprising. These results may relate to the findings of Story et al. [30] , who demonstrated that picomolar concentrations of transforming growth factor betas (TGF␤s) have antiproliferative activity in normal and hyperplastic prostate cells. Findings by Webber et al. [31] , in which TGF␤ was demonstrated to inhibit growth of DU145 cells, also implicate TGF␤ in the antiproliferative effect of CBE on DU145 cell proliferation. TGFs are stored at high concentrations in bone matrix [26] and thus may provide sufficient antiproliferative signals to counteract the known mitogenic stimulus of other growth factors present in bone [6] . However, the pathogenesis of human prostate cancer indicates that prostate tumor cells proliferate in bone. The complexities of the proliferative response by tumor cells in the bone/bone marrow environment are yet to be elucidated, but may provide valuable insight for the development of potential therapeutic strategies for reducing the growth rate of prostate cancer cells in bone.
In conclusion, the results obtained in this study indicate that proteins present in mineralized bone promote the attachment of a human prostate cancer cell line in vitro. These results suggest that bone proteins play a key role in vivo during the development of metastatic prostate lesions in bone. Although we are beginning to gain some insight into the mechanisms of preferential metastasis of prostate cancer cells to bone, further investigation is needed to elucidate the mechanism(s) involved in the disruption of bone homeostasis.
